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The Key Question

Are energy efficiency and renewable
energy technologies poised to have a
significant impact?
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U.S. Energy Consumption and

the Role of Renewable Energy
2030
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What Are the Major Renewables?
Electricity Net Generation — 2006
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U.S. Renewable Energy Contributions

Percent of Total Electric Generating Capacity
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We Are Now Setting Aspirational National
Goals — Setting the Bar Higher

U.S. national goals

— Biofuels: reduce gasoline usage by 20% in ten years
— Wind: 20% of total provided energy by 2030

— Solar: Be market competitive by 2015 for PV and
2020 for CSP
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Getting to “Significance” Involves...

Technologies

Viehilizing
Capital

Policies

Source: NREL ole




Global Markets are Growing Rapidly

Global Growth of Wind Energy Capacity
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Money Is Flowing Into the Sector

2006 Investment and M&A — By Sector and Asset Class

wind [} I <5 o)
giofuets [N B om0
. Figures in brackets represent total
Biomass & Waste I:- $7.6bn (118) number of deals. 2006 figure is annualized.

B VC/PE W PublicMarkets [ Asset Financings B M&A

Annual VC Investment Volume — 2001-2004 Compared With 2005-2006

. $15.8m
Wind $29.2m

. $123.3m
Y —
N EEEE——

- $22.5m Figure is the average of all VC deals
Biomass & Waste ‘ $35.1m sector over the set period.
Source: New Energy Finance 2007 . Average ZM'I = 2004 . n?erage 2“’“5 = mi?gl_ National Renewable Energy Laboratory




State Policy Framework
Renewable Electricity Standards

 Vermont:
Washington: 15% Montana: 15% by 2015  Minnesota: 25% by 2025  lllinois: 8% by 2013 GOAL ’ RE meets load
by 2020 (Xcel: 30% by 2020) / growth by 2012

Wisconsin: Iy a3

10% by 2015 GOAL

lowa: 105 MW

Maine:

30% by 2000
10% by 2017
GOAL-new RE

NH: 23.8%
by 2025

MA: 4% by 2009
+ 1% annual increase

Rl 15% by 2020
- NY: 24% by 2013
CT: 10% by 2010
NJ: 22.5% by 2021
20% by 2010 MD: 7.5% by 2019
DE: 10% by 2019
- DC: 1% by 2022
' PA: 18% by 2020
VA: 12% by 2022

Oregon:
25% by 2025

Arizona:
15% by 2025

New Mexico:
10% by 2011

Texas:
5,880 MW by 2015

FL

o o " Colorado: 20% by 2020

T W 27 States + District of Columbia
D O Hawaii: 20% by 2020 ~ Minimum solar or customer-sited requirement
=
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Past Investments Have Yielded
Impressive Cost Reductions

2388383353
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Wind

Biofuels

Technology Options Are Evolving
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wWind

Today’s Status in U.S.
11,603 MW installed at end of 2006
o Cost 6-9¢/kWh at good wind sites*

DOE Cost Goals

 3.6¢/kWh, onshore at low wind sites
by 2012

o 7¢/KWh, offshore in shallow water by
2014

Long Term Potential
« 20% of the nation’s electricity supply

NREL Research Thrusts

e Improved turbine performance and reliability
o Distributed wind technology

» Drivetrain reliability

« Utility grid integration

* With no Production Tax Credit
Updated 1/07, validated 7/07 ote
Source: U.S. Department of Energy, American Wind Energy Association ".v"N'\'='- National Renewable Energy Laboratory




Installed Wind Capacity
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Wind Projects == 1 MW
O Online Prior to 2006
A Added in 2006

Source: Flatts, powermap platts. com,

Total: 11,575 MW (2,454 MW added in 2006) : O e Sithe MsConut S8

Installed capacity data are from the
AWEA/GEC database, Locations
y are based on matching the database
1}, \ with Flatts POVWERmap data, the Cew
“-;ﬂ AK: 2 i physical description in the database,
& :‘j (<1) \ and other available data sources,

Wind Power Capacity US. Department of Energy

Megawatts. (MW} Mational Renewable Enargy Laboratory
e B 1 000 - 3.000
o B 100- 1,000

VR 3 20-100
HI: 42 E‘* -
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-~ ; 3.
Transmission line data from POWERmMap, ©2005 ; I
Platts. Many lines smaller than 100 kV may not : .
be included in this database.

Wind

Wind Power Classification o . :
ce  Wind P Wind Speed® Wind Speed® Transmission Lines 2
Potential Densityat 50m  at 50m at50m Voltage
Wim? s mph N 1 ooo (DC)
Poor 0- 200 0.0- 56 0.0-125 N
Marginal 200- 300 56- 6.4 12.5- 143 ;345
Fair 300- 400 6.4-7.0 14.3-157
Good 400 - 500 70-75 15.7- 16.8 N230 287
Excellent  500- 600 75- 80 16.8-17.9 100 161
Outstanding 600 - 800 8.0- 88 17.9-19.7 50 69
2Wind speeds are based on a Weibull k value of 2.0

Western Governor's
Association Area

Combined Data
50 m Wind Resource Data

The wind resource information
shown for Kansas and most of
Texas is from the 1987 "Wind
Energy Resource Atlas of the
United States". Wind resource
is shown for every 1/3 degree of
longitude by 1/4 degree of
latitude. As little as 5% of the
area shown in each area may
be well-exposed to the power
class displayed.

The remaining wind resource
assessments were conducted

on a state-by-state basis from
1999 to 2004. Over that time,
the methodology and resolution
of the data varied due to changes
in the assessment process. Also,
the fine resolution of these
assessments may prevent many
good resource areas from
appearing when viewed at this
scale.

U.S. Department of Energy
National Renewable Energy Laboratory

11-JUL-2005 5.3.7
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Solar
Photovoltaics and Concentrating Solar Power

Status in U.S.

PV

e 565 MW

e Cost 18-23¢/kWh

CSP

e 420 MW

o Cost 12¢/kWh

BT NREL Research — == =
Thrusts: — R

- -

* 11-18¢/kWh by 2010 PV D

e 5-10 ¢/kWh by 2015 e Partnering with industry
» Higher efficiency devices

CSP « New nanomaterials applications

8.5¢/kWh by 2010 « Advanced manufacturing techniques

5-7¢/KWh by 2020 .

Source: U.S. Department of Energy, IEA, Solar .
Energy Technologies Program Multi-Year Plan e Next generatIOn solar collectors

2007 I
* High performance storage.;::.,.,

=L National Renewable Energy Laboratory
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Biopower

Biopower status
« 2006 Capacity — 10.5 GWe
— 5 GW Pulp and Paper
— 2 GW Dedicated Biomass
— 3 GW MSW and Landfill Gas
— 0.5 GW Cofiring
e 2004 Generation — 68.5 TWh
e Cost—-0.08-0.10 USD/kWh

Potential

e Cost— 0.04-0.06 USD kWh
(integrated gasification
combined cycle)

o« 2030 — 160 TWh (net electricity
exported to grid from integrated
60 billion gal/yr biorefinery
industry)

A,
O

0'0
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Biofuels

Current Biofuels status
» Biodiesel — 1.3 billion gallons/yr capacity?
e Corn ethanol
— 121 commercial plants?
— 6.3 billion gallyr. capacity?
— Additional 6.2 billion gal/yr planned or under
construction
» Cellulosic ethanol (current technology)
— Projected commercial cost ~$3.50/gge

Key DOE Goals

o 2012 goal: cellulosic ethanol ~$1.62/gge

e 2017 goal : 35 billion gal alternative fuel — President

« 2022 goal: 36 billion gal renewable fuel — Congress/draft

« 2030 goal: 60 billion gal ethanol (30% of 2004 gasoline)
&

NREL Research Thrusts | t Ny
« The biorefinery and cellulosic ethanol o R
e Solutions to under-utilized waste residues
 Energy crops
Updated July 2007

Sources: 1- National Biodiesel Board, 2 - Renewable Fuels Association, all other information
based on DOE and USDA sources
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From DOE GTL Bioenergy Roadmap
Systems Biology to Overcoming Barriers to
Cellulosic Ethanol

More Available
Polysaccharides

Reduced Lignin
In Planta Enzyme Digestion

Optimal Plant Sugars
Reduced Toxins
Reduced Feedstock Costs

Feedstock
Engineering

Biomass Analysis Community
\ Modeling
Protein Engineering L |' Nal

Jeconstructior L
Advanced Imaging \ '

Cellular Modeling

_ . rt) Biomolecular
Protein Machines Sscutt.ng Sciﬂnce Modeling
Plant Science ' Systems Biology
Soil Science Hi'ﬂll s"‘g‘" Yields Microbial Science
Low Capital Costs

Low Enzyme Costs

&
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Feedstock Engineering

e Increase crop
production
(agronomics and
plant engineering)

e Increase
composition of
desirable
polysaccharides
(cellulose)

 Decrease

compqsmon of NREL “Corn Stem Tour”
undesirable

polymers (lignins)

ofe
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Technology Innovation Challenges Remain
The Next Generation

Wind Turbines

— Improve energy capture by
30%

— Decrease costs by 25%

Biofuels
— New feedstocks
— Integrated biorefineries

Solar Systems

— Improved performance
through, new materials, lower
cost manufacturing
processes, concentration

— Nanostructures

Zero Energy Buildings
— Building systems integration
— Computerized building energy 2T
optimization tools oo
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Achieving the Right Balance:

Technology Investment Pathways

Basic Research Driven

Revolutionary
(10 years and beyond)

Industry Driven
| Accelerated e < Disruptive

Evolutionary 2 (3-10years)
(3years)



Renewable Energy’s Role Is Significant...
Key Features:

=
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* Innovation through inte |sc:|phr1 research
* Managing " |8 ‘gﬁ‘
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